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¢ Vinyl Chloride
¢ (Carbon Dioxide

¢ Methanol

Thus, off-site chemical releases were the only basis for the TOME at VYNPS,

The NRC Safety Evaluation Report (Reference 3) concluded that upon
completion of the mod!fications to provide a o tection system for the five
gases listed above, the criteria of NUREG-0737, Item 111.D.3.4, would be met.
VYNPS installed the TOMS in 1983 and submittrd appropriate Technical
Specification changes to fulfill the NUREG=0737, Item 111.D,3.4, requirements.

Since its installation, the VYNPS TGMS has been an operational burden.
Several trouble alarms and spurious trips occur each operating cycle, yet no
actual eveuts involving toxic gas concentrations have occurred. These
spurious alarms require operator response, hence, are a distraction to Control
Room operators. Operators tend to lose cnnfidence in the validity of such
alarms, which reduces the effectiveness of the system in a real emergency. As
it is, each TGNy unit is unavailable about 10 percent of the time due to

preventive maintenance and about 10 percent of the time due to corrective

action.

These operational difficulties stem from the fact that it is difficult
to maintain instrument calibration within the narrow range required to detect
minute quantities of toxic chemicals (e.g., 5 ppm for chlorine). The extent
of these diificulties was not gnticipated at the time the TCMS was installed.
This is evidenced by the fact that the TGMS requires actual calibration every
one to two weeks to remain within Technical Specification setpoint limits, yet

the Technical Specification calibration frequency is once per onerating cycle.

WPPLL/T77









SRP 2.2.3 goes on to say that if accidents involving the release of
chemicals do not meet the above acceptance criteria, an evaluation of the
effects of these analyses on Control Room habitability should be made using

SRP 6.4, "Habitability Systeas."

No SRP 2.2.3 evaluation of the probability of such events was performed
in Vermont Yankee's original response to NUREG-0737, Item III.D.3.4., Instead,
the deterministic eriteria of SRF 6.4 and its supporting regulatory guides

(Regulatory Guides 1,78 and 1.95) were used.

SRP 6.4, "Habitability Systems"

The toxic gas portion of SRP 6.4 makes reference to Regulatory
Guide 1.78 as the method to be used to determine whether the quantity or
location of toxic material is euch that additional analysis is necessary. The
referenced methods to be used in any additional analyses are Regulatory

Cuide 1.78 and Regulatory Cuide 1.95.

tection of Nuclear Power Plant Control Room

Regulatory Guide 1.95, "P

ro
Operators Against an Accidental Chlorine Release'

Regulatory Guide 1.95 was developed to provide Contrel Room operator
protection from an accidental on-site chlorine release. It uses the
methodology of Regulatory Guide 1.78 to calculate the allowable weight of a
single chlorine container as & function of distance from the Contrel Room,
Since Vermont Yankee has no on-site storage of chlorine, the Regulatory

Cuide 1.95 analysis is not applicable,
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4,0 ANALYS1S METHODOLOGY

This report addresses chemical releases from off-site transportation
accidents. Both railroad and highway transportation routes are considered.
The general methodology applied to each transportation route consists of the
following steps. Note that Steps | and 2 involve deterministic analyses, and
Steps 3 and & dnvolve probabilistic analyses, The probabilistic analyses are

only performed if the deterministic screening criteria of Steps | and 2 are

exceeded,

o

step | - Mazardous Chemical ldentification
For the purposes of this analysis, a chemical is identified as

hazardous if it meets all of the following criteria:

a. Transportation of a chemical oscurs within a five-mile radius of

the plant,

b. Shipment frequency is greater than ten per year for truck and

30 per year for rail,

¢, Chemical appears on either the Regulatory Guide 1.78 1list of
potentially hazardous chemicals or the Environmental Protection
Agency's (EPA's) list of Extremely Hazardous Hubstances

(Reference 6),
Step 2 ~« Control koom Concentrations
plep « = LONTrol koom LONE ations

Fo: each chemical identified at harzardous in Step 1, a calculation of
Control Room conceuntration versus time .s performed. The accident is assumed
to occur at the transportation route's c.osest proximity to the plant, No
credit is taken for the TGMS, These calculations were performed uging the
HAZARD computer code (References 7 and B), following the guidance of
Regulatory Guide 1.78, The HAZARD code accounts for such parameters as
chemical volatility, atmospheric dispersion, and Controul Room intake/exhaust

flow,
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The toxicity limits used in these calculations are based on the
“Immediately Dangerous to Life and Health" (IDLH) concentrations published by
the National Institute of Occupational Safety and Health (NIOSH)

(Reference 9), 1DLH values have been developed with acute human toxicity as
the principal consideration. The IDLH provides the basis from which the EPA
developed levels of concern when emergency plenning for EHS releases

(Reference 6).

Chemicals are judged not to require an automatic detection system if

either:
a. Control Room concentrations never reach toxic limits, or

b, There is at least two minutes between the time that the toxic gas
is detectable by smell by the operating crew and the time that the

toxic limit is reached.
Step 3 « Probability of Control Room Uninhabitability

Chemicals which can reach toxic levels faster than two minutes after
detection are identified in Step 2. These chemicals require an automatic
detection system to satisfy the deterministic criteria of Regulatory
Guid“ 1.78, However, the deterministic criteria of Regulatory Guide 1.78 are
only required for potential hazards whose frequency of causing a radiological
re.eage in excess of 10CFR100 limits exceeds the SRP 2,2.3 guideline of 1E-7
to 1E-6 per year. For these chemicals, the annual probability of Control Room

uninhabitability is calculated using the following information:
R = Annual asccident rate per mile.

Conditional probability of a significant chemical release, given

-
L]
s

an accident,

=z
L

Arnual number of shipments within a five-mile radius of the plant.

L = Length, in milee, of transportation route within a five-mile

radius of the plant.
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F = Annual frequency of wind speeds and stability classes that could

digperse plume to plant,

A potential accident involving release of a chemical is judged to meet
the SRP 2.2.3 criteria if the frequency of Control Room uninhabitability is

less than the SKP 2.2.3 lower bound of 1E-~7 per year.

ftep & - Fregquency of Significant Radiological Release

The SRP 2,2.3 guideline of 1E~7 to 1E~6 actually refers to the
frequency of a 10CFRI0C fission product release involving significant core
dasage., In order to cause such a release, the Control Room uninhabitability
wust lead to & plant trip with operating crew and equipment failure leading to
failure of a critical safety function such as zore cooling or decay heat
removal, Step 4 calculates the frequency of a 10CFRIO0 fission piroduct

release resulting from an off-gite chemical release.
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5.0 HIGHWAY ANALYSIS RESUL?S

The highvay analysis involves Steps 1 aund 2 from Section 4.0, "Analysis
Methodology " Sections 5.1 and 5.2 below demonstrate that Regulatory
Guide 1.78 requirements are met. Accordingly, Steps 3 and & were not
necessary,

5.1 Harardous Chemical Identification

Contacts were made with both stete government agencies and chemical
distr/butors (Reference 12) to identify t' e types and quantities of chemicals
transported past Vermont Yankee on U,5. Route 91, the most frequently traveled

major highway (see Figure 5<1).

The chemicals identified during the survey were compared to Regulatory
Calde 1,78 and EPA's list of Extremely Hazardous Substances (EHS)
(Reference 6). EHSe are those chemicals that, because of extreme toxicity,
are most likely to cause severe toxic effects in humans who are exposed to
them due to an accidental release., Chemicals appearing on either list wers

considered for further evaluation,

From the list of chemicals identified, the following were considered
potential "toxic'" hagards!

¢ Chlorine

¢  Anhydrous Ammonia
¢ Sulfur Dioxide

¢ Sulfuric Acid

¢ Propane (LPC)

5,2 Control Room Concentrations

Loss of Control Room habitability occurs when the Control Room
concentration of a hazardous chemical exceeds its "toxic limits" in less than

two minutes after detectio . Th toxic limit in this analyeis is considered

=]
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' IABLE
Control Roon oncentrations {f Hazardous Chemicais
' from H '.t;.‘ Wiy A idents
Max i mumn
Centrol Roon
Chemical Quantity Concentration IDLH

' Chlorine 1 ton 23 ppm 30 ppn

Aimmon 1 a 16 tong 258 ppn 500 ppm
' Sulfur Dioxide l ton 15 ppn 100 ppm
' Sulfuric Acid 6,500 gal ¢l ppnm 20 ppm

Propane 10,000 gal 1,491 ppm 20,000 ppm
' wl B
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6.0 RAILROAD ANALYSIS RESULTS

The railroad analysis involves Steps 1 through & from Section 4.0,
"Analysis Metindology." Sections 6,1 and 6.2 below show that, of the
hazardous chemical. identified, only chlorine exceeds Regulatory Guide 1.78
criteria., Therefore, probabilistic analyses (Sections 6.3 and 6.4 below) were

performed for chlorie,

6.1 Hazardous Chemical Identification

Two rallroads operate along the tracks adjacent to Vermont Yankee!
Central Vermont Railroad and Springfield Terminal Railway Company (formerly
Boston and Maine Railroad). Each was contacted and asked to provide a list of
hazardous chemicals transported (Reference 13), The railroad tracks opposite

Vermont Yankee across the river are no longer in service (Reference 14).

As in Section 5.1, the chemicals listed were compared to wnegulatory
Cuide 1.78 ani EPA's list of EHS (Reference 6)., Chemicals appearing on either

list were covsiidered for further evaluation.

The chemicals considered toxic are listed in Table 6.1, However, only
chlorine, propane, nitrogen, and carbon dioxide were evaluated because they

exceed 30 shipments per year,

6.2 Control Room Concentrations

As in Section 5.2, the computer code HAZARD (Rrferences 7 and 8) was
used to calculate Control Room concentrations. Control Room habitability is
maintained if Control Room concentrations never equal or exceed the IDLH
value, or if there i3 at least two minutes between the time the toxic gas is
detectable by smell by the operators and the time that the IDLH value is

reached.

w18
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P e (R) x (R.) x (N) x (L) x (F)
where!
R = Annual train accident rate per mile.

Re = Conditional probability that a significant chemical release

will occur, given an accident,
N = Annual number of shipments within five-mile radius of plant,

L = Length, in miles, of railroad track within five-mile radius of

plant.

F = Annual frequency of wind speeds and stability classes that

could disperse plume to plant.

The probability of loss of Centrol Room habitability, given a release,
varies as a function of distance from the Control Room air intake, wind
direction, speed, and atmospheric stability. To account for these variables,
the analysis was performed over 17 discrete segments along the railroad track

and the probability summed for each segment., (See Figure 6-1)

The probability of loss of Control Room habitability was calculated by
assuming that the midpoint of each segment represents the average distance for
the segment of track being analyzed., The total probability, P, therefore,

becomes the sum of the probabilities associated with each segment!:
n

P =) [(R{) x (Ny) x (Ly) % (Rey) x (F{)], where n = 17

i=]
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6.4.4 Contaionment Heat Removal Feilure

Evernn if the coolant injection function is successful, core cooling
systems can be jeopardized if the Main Steam Isolation Valves (M81Vs) are
closed, and if the containment heat removal function faeils. We assune
(conservatively) that the M8IVs close when the reactor trips. The probability
of the containment heat removal function is estimated from past PRA
evaluations (References 18 and 19). The estimate for RHR unavailability
without operator recovery actions is 4E~4, This is dominated by hardware
failures which, for this analysie, are assumed unrecoverable despite having

approximately 20 to 30 additional hours for repair,

Because adverse impacts on operating crew actions to align containment
heat removal systems may be anticipated due to residual effects of the toxic
gas outside of the Cuii*rol Room, only RHR alignment from the Control Room is
assuned possible. No recovery or repair actions are assumed possible, and the

probability of failure of the containment heat removal function is estimated

to be 4E-4,

6.4.5 Frequency of Core Damage |

Based on the above, the core damage frequency from this initiating

event is estimated as follows:

Core Damage Frequency = initiating event frequency x

probability of plant trip x

(probability of core injection failure +

probability of containment heat removal failure)

= 4,39E-7 x 7.3E-3 x (2.8BE~3 + 4E-=4)

= lE-11 per year

«Zliw
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TABLE 6.1

List of Hazardous Chemicals Transported by Railroad
(1) Central(2) Springfield(Z) Total
Chemical _Vermont —track Per Year
Carbon Dioxide 395 96 L91
Nitrogen 248 - 24L8
Propane (LPG) 60 162 222
Chlorine 60 - 60
Sulfuric Acid - 24 24
Anhydrous Ammonia 1 6 7
Methyl Alcohol ———— 4 4
Xylene S 2 2

Notes: (1) Listed in either Regulatory Guide 1.78 or EPA's Extremely
Hazardous Substance List,

(2) Railcars per year.

~J
~
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TABLE 6,2

Control Room Concentrations of Hazardous Chemicals
from kailroad Accidants

-/ - -

Carbon
Dioxide

Nitrogen

Propane

| Quantity 20,000 gal 30,000 gal 33,500 gal 20,000 gal

. Detection® N/A N/A 0.5 ppm 0.2 ppm
Threshold

3. IDLH*® 50,000 ppm N/A 20,000 ppm 30 ppm

b, Control Room 20,631 ppu 31,127 ppm 28,039 ppm 17,376 ppm
Max 1mum

35 Time N/A N/A 2 min <2 min
(iDlH«Detect)

*References 21 and 22

**Reference Y
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TABLE 6.3

Summary of Lost Control Room Habitability

(2) (3) (4} (5) () (7)
11 Cl, Release Annual
ot Number Release Probability Segment Wind/Stability Probability (P)
Segment Ezce (R) Railcars (N) Probability (Rsi) Length (L;) Frequency (F;) Ix2x3x4x5%6
A 5.40E-06 6.00E+01 . 24E-01 1.56E-02 1.02E+00 0.00E+00 0.00E+00
B 5.40E-06 6.00E+01 1.24E-01 1.56E-02 1.08E+00 1.44E-03 9.75E-10
C 5.40E-06 6.00E+01 1.24E-01 1.56E-02 1.00E+00 6.11E-02 3.83E-09
D 5.40E-06 6.00E+01 1.24E-01 1.56E-02 9.50E-01 4. 70E-02 2.ROE-08
E 5.40E-06 6.00E+01 1.24E-01 3 .13E-02 3.20E-01 7.13E-02 2.86E-08
F 5.40E-06 6.00E+01 1.24E-01 1.09E-01 3.00E-01 9.30E-02 1.22E-07
G 5.40E-06 6.00E+01 1.24E-01 1.25E-01 1.90E-01 7.25E-02 6.92E-08
H 5.40E-06 6.00E+01 1.24E-01 1.25€-01 1.70E-01 5.48E-02 4 .68E-08
I 5.40E-06 6.00E+01 1.24E-01 1.25E-01 2.20E-01 6.57E-02 7.26E-08
3 5.40E-06 6.00E+01 1.24E-01 3.13E-02 5.00E-01 3.30F-02 2.07E-08
K 5.40E-06 6.00E+01 1.24E-01 3.13E-02 5.50E-01 5.10E-02 3.53E-08
L 5.40E-06 6.00E+01 1.24E-01 1.56E-02 7.50E-01 2.29E-02 1.08E-08
M 5.40E-06 6.00E+01 1.24E-01 1.56E-02 3.50E-01 5.99€E-04 1.32E-10
N 5.40E-06 6.0CE+01 1.24E-01 1.56E-02 1.05E+00 4 J9E-04 3.16E-10
0 5.40E-06 6.00E+01 1.24E-01 1.56E-02 1 .00E+03 1.20E-04 7.52E-11
5 5.50E-06 6.0CE+01 1.24E-01 1.56E-02 9.50E-01 1.20E-04 7.15E-11
Q 5.40E-06 6.00E+01 1.24E-01 1.56E-02 3.00E-01 0.00E+00 0.00E+00
TOTAL 4_.39E-07
8-
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7.0  QONCLUSIONS

The analysis considered in this report evaluates Control Room
babitability in order to address NUREC~0737, Item 111.D.3.4, requirements for
off-gite toxic chemical releases. The evaluation includes both deterministic
and probabilistic analyses, and takes no credit for the existing TGMS. The
deterministic analyses show that the Regulatory Cuide 1.78 guidelines are et
for all chemicals except chlorine. The combined probabilistic analyses show
that the probability of a 10CFR100 release due to an off-site chlorine release

is far below the SRP 2,2,3 guideline for consideration as a design basis event,

Together these analyses show that the TCMS is not required to meet the
regulatory criteria specified in NUREG-0737, Item II1.D.3,4. 8ince
NUREG-0737, Item I11.D.3.4, is the basis for the TOMS, this analysis justifies
removal of the TGMS at VYNPS.

«30=-
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